The solution of eigenvalue problems for partial differential operators by using boundary integral equation methods usually involves some Newton potentials which may be resolved by using a multiple reciprocity approach. Here we propose an alternative approach which is in some sense equivalent to the above. Instead of a linear eigenvalue problem for the partial differential operator we consider a nonlinear eigenvalue problem for an associated boundary integral operator. This nonlinear eigenvalue problem can be solved by using some appropriate iterative scheme, here we will consider a Newton scheme. We will discuss the convergence and the boundary element discretization of this algorithm, and give some numerical results.
Introduction
As a model problem we consider the interior Dirichlet eigenvalue problem of the Laplace operator, − u λ (x) = λu λ (x) for x ∈ , u λ (x) = 0 for x ∈ = ∂ , ( 
is satisfied for all v ∈ H 1 0 ( ). It is well known that the eigenvalues are countable, and that there is a set of eigenfunctions {u λ k } which forms a complete orthonormal system in L 2 ( ) and in H 1 0 ( ), respectively. Moreover, all eigenvalues λ k have a finite multiplicity, and we have 0
A finite element approximation of the variational formulation (1.2) results in the linear algebraic eigenvalue problem
where K h is the finite element stiffness matrix, and M h is the related mass matrix. For a numerical analysis of this approach, and for appropriate eigenvalue solvers for (1.3), see, for example, [2, 6, 12, 19] . Instead of a finite element approach, which always requires a discretization of the computational domain , we will use boundary integral formulations and related boundary element methods [20, 23] to solve the eigenvalue problem (1.1). Then, only a discretization of the boundary = ∂ is required, and when using fast boundary element methods [17] the computational complexity is lower than in a finite element approach.
Considering the eigenvalue problem (1.1) as a Poisson equation with a certain right hand side λu λ , we obtain a boundary-domain integral formulation [8, 11] to be solved. By using the so-called Multiple Reciprocity Method (MRM) [8] it is possible to approximate the volume integrals by some boundary integrals. Then, a polynomial eigenvalue problem has to be solved. Since our approach is in some sense equivalent with the latter, we first describe the multiple reciprocity method.
By using the fundamental solution of the Laplace operator,
the solution of the eigenvalue problem (1.1) is given by the representation formula
where t λ (x) = n x · ∇u λ (x), x ∈ , is the associated normal derivative of the eigensolution u λ . The basic idea of the multiple reciprocity method is to rewrite the volume integral in the representation formula (1.4) by using integration by parts recursively. The fundamental solution of the Laplace operator can be written as 
